We cloned and sequenced the cDNA which encodes the Caenorhabditis elegans homologue (suf-1) of the Drosophila suppressor of forked (su(f)) gene product. The amino acid sequence deduced from the suf-1 cDNA shares extensive similarity with the su(f) and the human 77K subunit of the CstF, including the proline residues near the carboxy-terminus. Developmental Northern blot analysis showed that a 2.6-kb suf-1 transcript was expressed constitutively from LI to yonng adult stages, suggesting it has a housekeeping function in vivo. Furthermore, this idea is consistent with the recent proposition that su(f) homologues play an essential role as a subunit of the cleavage stimulation factor (CstF) during polyadenylation of mRNA precursors.
The Drosophila suppressor of forked (su(f)) is a member of the modifier genes that affects the phenotypic expression of unlinked forked mutations caused by the retrotransposon insertion. The molecular mechanism of su(f) is not completely understood, although its product possibly affects RNA metabolism of transcripts from the forked alleles. 1 
"
4 Recent cloning of the human 77K subunit of the cleavage stimulation factor (CstF), 5 one of the factors of the polyadenylation machinery, gave insight into the way the su(f) protein functions in vivo. The 77K subunit shares extensive homology with the su(f) 6 and moderate homology with the yeast RNA14 protein, 7 suggesting that the su(f) and the RNA14 proteins also function as a subunit of the CstF. 5 Recently, O'Hare and Williams have deposited the C. elegans cDNA sequence encoding the protein homologous to the su(f) and the 77K subunit of the CstF with the GenBank database 8 (accession no. L39893). Independently of their work, we obtained fortuitously a cDNA fragment which encodes a portion of the protein homologous to the Drosophila su(f) protein during the course of screening a C. elegans mixed-stage cDNA library for the clones encoding the novel RNA binding proteins. By screening the same library using the cDNA fragment as Communicated by Osami Niwa * To whom correspondence should be addressed. Tel. and
Fax. +81-78-803-0554, El-mail: sakamoto®inherit.biosig.kobe -u.ac.jp a probe, we isolated and sequenced cDNA of approximately 2.5 kb (GenBank accession no. U23830) which contains an 730-amino acid open reading frame starting with a methionine codon. However, we found that our cDNA lacked a short 5' portion coding for the Nterminal five amino acid residues (Met-Ser-Gly-Leu-Ser) by comparing our cDNA sequence with that of O'Hare and Williams. 8 Therefore, the authentic product is a 735-amino acid protein (designated suf-1) and we included the five N-terminal amino acid residues when we compared the C. elegans protein with other su(f)-related proteins (Fig. 1 ). Besides the difference of the 5' region in the two nucleotide sequences, we found that there is one nucleotide difference (A to G) in the middle of the cDNA sequences causing an amino acid substitution (lie to Val) at the position 373, which is possibly due to polymorphism since their and our cDNAs were derived from the same library. Hybridization analysis using the YAC clone filter which covers the entire C. elegans genome showed that the gene encoding suf-1 seems to be a single copy gene mapped at the middle of the chromosome II since two YAC clones (Y47A9 and Y47C8) hybridized with the suf-1 cDNA (data not shown).
The suf-1 protein shares homology with the Drosophila su(f) (733 amino acids, 45% identity), the human 77K protein of CstF (717 amino acids, 48% identity) and the yeast RNA14 (636 amino acids, 19% identity). Of these, suf-1, su(f) and the 77K subunit share extensive homol- Isolation of worms at specific stages was performed according to the method by Sulston and Hodgkin. 9 Total RNAs (10 /zg each) were isolated by the guanidium iso-thiocyanate-hot phenol method, electrophoresed on a 1% agarose gel containing 2% formaldehyde, and then subjected to Northern blot analysis using the suf-1 cDNA as a probe. 10 shown). This might be due to either the relatively lower similarity between the yeast RNA14 and other su(f) homologues or the basic difference of the polyadenylation mechanism between the unicellular and multicellular organisms.
If the suf-1 really functions as a subunit of the polyadenylation factor in C. elegans, it is expected to be expressed in a constitutive manner during all developmental stages, since the polyadenylation reaction should be required for production of almost all mRNAs in vivo.
To examine the expression of the suf-1 gene, total RNAs were isolated from the worms at various developmental stages and subjected to Northern blot analysis (Fig. 2) . The suf-1 gene expressed a transcript of about 2.6 kb, the length of which is well matched to that of the corresponding cDNA. Moreover, the transcript was observed at all developmental stages examined (from the first larval stage to the young adult stage), although its amount seemed to increase slightly during the later developmental stages (lanes 5 and 6). The constitutive expression of suf-1 is consistent with the suggestion 5 that the su(f) homologues have a housekeeping role in vivo, possibly as an essential subunit of the polyadenylation machinery, although its expression pattern at the tissue or cellular level remains to be elucidated.
Acknowledgments: We thank Dr. Yuji Kohara for a C. elegans cDNA library, Dr. Alan Coulson for the C. elegans YAC filter, and Dr. FranQois Lacroute for the yeast rnal4 mutant. This work was supported in part by research grants from the Ministry of Education, Science and Culture of Japan, the Asahi Glass Foundation, Senri Life Science Foundation, and the Inamori Foundation to H. S., and JSPS Research Fellowships for Young Scientists to Y. T. ogy, suggesting that they have essentially the same function in vivo. In particular, the 11 proline residues present in the proline-rich domain near the carboxy-terminal region are conserved between these three proteins and may have importance for their function as suggested by Takagaki and Manley. 5 This proline-rich domain may be characteristic of the multicellular organisms and involve the protein-protein interaction with the 50K subunit of CstF, since the human 77K subunit cross-bridges the other two subunits of CstF (64K and 50K) 5 and since the yeast RNA14 lacks this proline-rich domain but genetically interacts with the RNA15 protein which shares homology with the human and Drosophila 64K proteins. 5 In addition, RNA14 seems to lack the putative nuclear localization signal which is well conserved in other su(f) homologues (amino acid positions: 374-390 for suf-1, 386-402 for 77K, 387-403 for su(f)). In this connection, the suf-1 expression in the yeast rnal4 mutant failed to complement its temperature-sensitive deficiency (data not
